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Abstract:  Maxillofacial  prostheses  is  a  dental  medicine  specialty  aimed  at  restoring 
anatomical facial defects caused by cancer, trauma or congenital malformations through an 
artificial device, which is commonly attached to the skin with the help of an adhesive. The 
purpose  of  our  research  was  to  develop  a  pressure-sensitive  adhesive  (PSA)  based  on 
acrylic monomers, characterizing and determining its drying kinetics, that is to say the time 
it takes to lose 50 to 90% of its moisture. The adhesive synthesis was realized by means of 
emulsion  polymerization;  the  composition  of  formulations  was:  (AA-MMA-EA)  and 
(AA-MMA-2EHA)  with  different  molar  ratios.  The  formulation  based  on 
(AA-MMA-2EHA) with 50 w% of solids, presented good adhesive properties such as tack, 
bond strength, and short drying time. We propose this formulation as a PSA, because it 
offers an alternative for systemically compromised patients, by less irritation compared to 
organic solvent-based adhesives. 
Keywords:  pressure-sensitive  adhesive  (PSA);  maxillofacial  prostheses;  emulsion 
polymerization; acrylic monomers; drying kinetics 
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1. Introduction  
Maxillofacial  prosthetic  devices  play  a  crucial  role  in  the  rehabilitation  of  patients  that  have 
suffered  severe  facial  defects  [1],  caused  by  cancer,  trauma  [2],  disease  [3,4–6]  or  congenital 
malformations [2]. 
Prosthetic devices can be secured with the help of adhesives, mechanical means [7], craniofacial 
implants and [1] anatomic tissue [8]. Adhesives are an effective and commonly used method [1,7–10]. 
Medical products that involve adhesion to the skin [11] or adhesives that attach to human skin [12] are 
known as pressure-sensitive adhesives (PSA), defined as viscoelastic materials, which in their dry state 
at  room  temperature  can  adhere  strongly  to  a  wide  variety  of  substrates  by  application  of  slight 
pressure [11] for a short period of time [13–15] without activation by water, heat, or solvent [16].  
Nowadays, PSA for skin contact applications are mostly made of acrylic polymers because they are 
less irritating to skin [17]. In the field of maxillofacial prosthetics in medicine and dentistry [2], the 
adhesives are used to fix and /or to hold the artificial part or prosthesis to the skin.  
Usually, these devices are made of elastomeric material [2,6,18] such as poly dimethyl-siloxane 
(PDMS) [3,4–6]. The success of a facial prosthesis frequently depends on several factors including 
stability, support and retention; this last factor being the most important [1,8,18]. Relatively little work 
has been done on the development of new and improved adhesives for this purpose. We continue to 
use  the  same  materials  introduced  decades  ago,  like  silicone,  introduced  in  1950  [4]  and  other 
materials adapted with their inherent inadequacies from non medical applications [10] such as organic 
solvent-based  adhesives  for  example  ethyl  acetate  [8].  Dermatological  problems  such  as  skin 
sensibility and the difficulty of removing all the adhesive residues are some of the factors that affect 
the adhesion of material to the skin and its duration [1]. Also, the lack of a good adhesion frequently 
creates a visible margin between prosthesis and the skin; this phenomenon is known as debonding or 
peel  [9].  The  study  of  adhesion  to  skin  is  complex  because  of  the  physiology,  biochemistry  and 
histological  conditions  involved.  The  existing  information  about  the  nature,  behavior  and 
biocompatibility of pressure-sensitive adhesives for use in maxillofacial prostheses is inadequate and 
incomplete [10]. However, its use keeps growing despite the lack of information on available products 
[7,10]. The purpose of our research was to develop a pressure-sensitive adhesive (PSA) based on 
acrylic monomers, characterizing and determining its drying kinetics, that is the time it takes to lose  
50 to 90% of its moisture. 
2. Experimental Section  
2.1. Materials 
The monomers used for the emulsion polymerization reactions were 2-ethylhexyl acrylate (2EHA), 
methyl methacrylate (MMA), acrylic acid (AA), ethyl acrylate (EA). All of these were reagent grade 
obtained from Sigma Aldrich. The ionic surfactant used was sodium dodecyl sulphate (SDS; Aldrich). 
The initiator of the reaction was potassium persulfate (KPS; Monterrey). Sodium bicarbonate was used 
as buffer (NaHCO3; J.T.Baker). Hydroquinone (Barsa) was used as an inhibitor, to stop conversion in 
the samples. Nitrogen gas (Linde Mé xico) was used to purge the reaction mixture. Sodium hydroxide Int. J. Mol. Sci. 2010, 11                       
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(NaOH; J.T.Baker) was used to remove the inhibitor monomers. Distilled water was used in each 
experimental polymerization formulation.  
Water-based  latex  emulsion  (Pros–Aide®,  Factor  II  Inc.,  Lakeside,  Ca,  USA)  was  used  as 
commercial reference and (Dragon Skin®; Smooth On) silicone were used in the drying kinetics. 
Micro-porous  test  (CODIFARMA  Mé xico)  was  used  as  control,  and  isopropyl  alcohol  (Merck 
Mé xico) was used to clean glass substrates and balls during the ball rolling test. 
Phospho-tungstic acid (Sigma Aldrich) was used in the size of latex particles determination.  
2.2. Preparation of the Adhesive Emulsion 
The monomers MMA, EA, 2EHA were washed with a sodium hydroxide solution (5% w/v) to 
remove  the  inhibitor.  Emulsion  polymerization  was  the  method  used  to  develop  the  adhesive 
formulation [19]. Seven polymerizations were carried out using the recipes presented in Table 1. As a 
general procedure for all formulations; 1.3 ×  10
-3 moles of the emulsifier (SDS) was dissolved in 
0.83 moles  of  deionized  water,  after  adding  the  monomers.  This  pre-emulsion  was  stirred  for 
15 minutes. The rest of the emulsifier, water according to each formulation and NaHCO3, were placed 
in a three necks round flask and stirred at 250 rpm, this blend was bubbled with nitrogen gas (N2) for 
10 minutes to eliminate the oxygen in the system and heated to 70 ° C. The initiator (KPS) was added 
and immediately the pre-emulsion was dosified in the flask for a period of three hours. The reaction 
continued  for  three  more  hours,  keeping  a  70  ° C  constant  temperature  to  guarantee  a  complete 
monomers conversion. 
Table 1. Adhesive formulations synthesized by an emulsion polymerization. 
Chemical reagents  Formulation A
a  Formulation B
a 
  A1  A2  A3  A4  B1  B2  B3 
AA  8 ×  10
-3  1.3 ×  10
-2  2.7 ×  10
-2  4.1 ×  10
-2  2.7 ×  10
-2  2.7 ×  10
-2  2.7 ×  10
-2 
MMA  9.5 ×  10
-2  9.5 ×  10
-2  9.5 ×  10
-2  9.5 ×  10
-2  1.34 ×  10
-1  1.34 ×  10
-1  1.34 ×  10
-1 
EA  1 ×  10
-1  1 ×  10
-1  1 ×  10
-1  1 ×  10
-1  0  0  0 
2-EHA  0  0  0  0  8.13 ×  10
-2  1.35 ×  10
-1  1.89 ×  10
-1 
SDS  2.6 ×  10
-3  2.6 ×  10
-3  2.6 ×  10
-3  2.6 ×  10
-3  2.6 ×  10
-3  2.6 ×  10
-3  2.6 ×  10
-3 
KPS  1.0 ×  10
-3  1.0 ×  10
-3  1.0 ×  10
-3  1.0 ×  10
-3  1.0 ×  10
-3  1.0 ×  10
-3  1.0 ×  10
-3 
NaHCO3  2.4 ×  10
-3  2.4 ×  10
-3  2.4 ×  10
-3  2.4 ×  10
-3  2.4 ×  10
-3  2.4 ×  10
-3  2.4 ×  10
-3 
H2O  4.4  4.4  4.4  4.4  3.8  3.3  2.7 
Solids content (w%)  20  21  22  23  30  40  50 
All reactions were performed at 70 ° C for 6 hours. 
a The amounts are in moles. 
2.3. Measurement of the Monomer Conversion 
The  monomer  conversions  were  determined  gravimetrically.  Samples  (m0)  withdrawn  from  the 
reactor during the polymerization were short-stopped with a solution of 1% hydroquinone in deionized 
water and then the sample was dried to constant weight (m1) at 45 ° C. The solid content of the system 
was evaluated by the following equation. Int. J. Mol. Sci. 2010, 11                       
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2.4. Drying Kinetic 
We studied the drying kinetics to obtain the loss rate of water in the adhesive formulations, and it 
was  compared  with  a  commercial  adhesive,  Pros–Aide®,  which  we  call  PI.  A  glass  surface  was 
selected (Petri dish), and its weight and area were determined, i.e., 23.75 cm
2. An aliquot (1 mL) of the 
emulsion adhesive sample was poured on the glass Petri dish and the weight registered. Then, the 
spread out sample was placed in an oven at a 25 ° C constant temperature to avoid direct contact with 
the lab environment. The registered relative humidity average (R.H.) was 48.3%. The sample was 
weighted at regular intervals of time until weight became constant for the moisture calculation.  
The experiment was also designed in film for the formulation B3 and PI reference, under the same 
conditions of temperature and humidity; glass slides and strips of Dragon Skin® silicone were used 
with a 18.75 cm
2 area. The silicone strips were previously polished with 240 grit sandpaper to simulate 
the skin surface roughness. On each preweighed sample, 5 drops of emulsion adhesive were placed, 
and their weight was recorded at regular intervals of time until totally dry. 
For the determination of moisture content in the drying kinetics, the following equations proposed 
by Strumillo and Kudra were applied: 
 
Dry Base [20,21]: 
This method is based on the constancy of sample dry matter during drying. If the total sample mass 
m at time t is the sum of that for dry matter md plus the water mass mw  
wd m m m  
and it is considered that, by definition of moisture content dry basis X = mw/md then  
(1 ) d d d m mX m m X      
The same equation applied to the initial sample, takes the form: 
00 (1 ) d m m X   
By dividing the equation by m and m0 for constant dry matter content, and solving for X, we arrive 
at the calculation equation: 
0 (1 ) 1
o
m
XX
m
    
being, as follows 
w
d
m
X
m
  
We  integrate  the  area  and  time  in  seconds  to  the  equation  to  determine  the  drying  rate  for  
each sample. 
Each  weighing,  to  determine  m,  involved  some  20–30  s  in  a  digital  balance,  its  readability  
being 0.001 g.  Int. J. Mol. Sci. 2010, 11                       
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The operating variables, used in the drying kinetic, were: constant temperature: 25 ° C; relative 
humidity: 48.3%; content solids of 20, 21, 22, 23, 30, 40, 50% and PI as commercial reference.  
One-way analysis of variance (ANOVA) was used to test for any significant difference between the 
mean values of the samples tested. Post-tests (Tukey method) were used to determine whether the 
mean  value  of  any  particular  sample  differed  significantly  from  another  specified  sample,  while 
considering all the data. 
2.5. Rolling Ball Test 
In this procedure [22,23], an 11-mm-diameter stainless steel ball weighing 5.6 g was rolled down on 
inclined track (21° , 30´ ) to come into contact with adhesive face. The adhesives evaluated were B3, 
and PI, Micro-porous test as control, at 23 ° C and 50% relative humidity (R.H.).  
The test was carried out on glass plates (inclined plane), with 34.5 by 5.1 cm dimensions. Before the 
test, the glass plates and balls were washed thoroughly with water and soap to remove any dirt that 
they might  have, and once dried, we  cleaned them with  isopropyl  alcohol.  Immediately after, we 
applied approximately 38 mg of the adhesive, spreading it with a soft bristle brush, then waited for  
5 and 10 minutes drying time and immediately let the ball roll. The reported results were the average 
of ten determinations recorded in centimeters. 
The distance traveled by the ball along the track is taken as the measure of tacky.  
2.6. Characterization of Acrylic Latex Copolymer  
The characterization of B3 formulation was carried out in order to know their physicochemical 
characteristics. 
The samples were analyzed by proton NMR (
1H-NMR) and FTIR spectroscopy, in order to confirm 
the microstructure of our copolymer and the absence of monomer impurities. The (
1H-NMR) spectra 
were recorded on a VARIAN 400-MR, 400 MHz using d-chloroform as solvent. 
Fourier Transform Infrared (FTIR) measurements were conducted using a spectrometer Spectrum 
RXI Perkin–Elmer, where the polymer sample films were cast on the KBr crystal to obtain spectra. 
Spectra were recorded in the mid infrared region (4000–400 cm
-1) at 4 cm
-1 resolution. 
Glass  transition  temperatures  (Tg)  were  determinated  on  an  equipment  Mettler  Toledo  (DSC) 
model 821
e, taking 10 mg sample in aluminum pans, running the test at a constant heating rate of 
10 ° C/min. The DSC test was performed in a -150 to 110 ° C temperature range.  
Thermogravimetry data was carried out using a Mettler Toledo model 851
e TG/SDTA, with 10 mg 
sample in aluminum pans. The test was performed in a 25 to 400 ° C temperature range and registered 
with a STAR 8.1 software program.  
The density was obtained by means of a F. Mantey B. Mé xico to 20 ° C densimeter. 
2.7. Particle Size and Rheological Behaviour 
For  samples  B3  and  PI,  we  determined  the  particle  size  and  rheological  behavior  analyzed  
through viscosity.  Int. J. Mol. Sci. 2010, 11                       
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The size of latex particles was measured by transmission electron microscopy (TEM) in a JEOL 
2010  instrument.  We  prepared  a  sample  of  diluted  latexes  (2  w%)  and  added  one  drop  of 
phospho-tungstic acid 24 hours before the test. Then three drops of emulsion sample were placed on a 
metal grid coated with carbon to observe the polymer particles with a good delineation of edges. 
The viscosity of the latex samples was measured with a MCR 301 rheometer, temperature control 
unit C-PTD200, CC27 measurement system and Rheoplus V3.1 (Anton Paar) software.  
3. Results and Discussion  
The  results  obtained  for  the  experimental  adhesive  formulations  A  and  B  showed  good  time 
stability (homogeneous emulsion); however, after about two months, a separation phase was observed 
in formulation A, while formulation B remained stable and homogeneous throughout six months of 
experimentation due to the presence of 2-ethylhexyl acrylate in formulation B, Table 1.  
For each emulsion polymerization step, the mean monomer conversion was 95% in four hours after 
completing  the  monomer  addition.  It  was  also  found  that  prolonging  the  reaction  time  could  not 
significantly  raise  the  monomer  conversion.  Therefore,  it  is  reasonable  to  conclude  that  the 
polymerization can be accomplished in four hours after finishing monomer addition (Data not shown). 
3.1. Drying Kinetics  
The drying behavior of formulations A and B were compared to that of the commercial adhesive 
(PI)  in  our  experiments  design.  In  Table  1,  formulation  A,  we  change  the  acrylic  acid  (AA) 
concentration to observe its effect on the kinetics performance of emulsion adhesive. We observed an 
increment in the water retention when the amount of acrylic acid monomer rises, since this molecule is 
hydrophilic and, as such, it presents a remarkable tendency to hold more water. This fact is clearly 
shown in Figure 1, where formulation A1 with 8 ×  10
-3 moles AA, has a lower quantity of moisture in 
comparison with sample A4 with (4.1 ×  10
-2 moles AA) in the formulation. Drying time was also 
affected, for example, A1 lost 50% of initial moisture in 120 minutes; when the amount of acrylic acid 
was increased, as is the case for sample A4, where less than 40% of the moisture was removed in the 
same amount of time under the same experimental conditions. Moreover, their calculated drying rates 
were different, see Figure 2: formulation A1 showed a faster capacity to lose water, showing major 
slope, than A4. This fact confirms that the presence of a hydrophilic monomer in A4 in the adhesive 
formulation delays the elimination of water, due to the capacity of poly acrylic acid (PAA) to easily 
form hydrogen bonds with itself and with the poly acrylates present in the formulation. 
As presented in Table 1, formulation B, we decided to keep the amount of acrylic acid constant at a 
low (2.7 ×  10
-2 moles) level to avoid a too long drying process; besides a low concentration of acrylic 
acid also enhances latex colloidal stability and facilitates stronger bonds to polar substrates [15]. PAA 
has  been  shown  to  be  a  good  mucoadhesive,  but  to  achieve  good  adhesion,  the  fluidity  of  the 
formulation must be improved; this is achieved by using the monomer 2-ethylhexyl acrylate (2EHA) 
[24], since it produces high molar mass and tacky polymers with a low glass transition temperature. 
2EHA monomer also has the hydrophobicity and fluidity required to act as a plasticizer within the 
adhesive formulation [15]. Int. J. Mol. Sci. 2010, 11                       
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Figure 1. Moisture content for adhesive formulations A, B and commercial reference PI. 
 
Figure 2. Drying rate for adhesive formulations A, B and commercial reference PI. 
 
Figure 1 also shows the moisture behavior of formulations B. It is clear that samples with a high 
concentration of 2EHA (B3) take less time to eliminate their initial water content. In addition, the same 
test was performed on the commercial reference sample PI, showing that PI and formulation B3 with 
50 w% of solids give a similar performance. 2EHA is a hydrophobic molecule; when its concentration 
in the adhesive formulation increases, the resulting copolymer has a major quantity of this monomer in Int. J. Mol. Sci. 2010, 11                       
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its  total  composition  and is  more hydrophobic. Therefore, low initial  moisture notably affects the 
drying rate, as can be seen in Figure 2, where B1 and B2 have lower drying rates compared to B3 and 
the  reference  sample  PI,  which  presents  a  major  slope.  For  formulation  B3  (50 w% solids),  it 
eliminates the solvent at a similar rate to PI, making this formulation a better candidate to develop an 
efficient adhesive like the reference.  
In general, B formulations with (AA-MMA-2EHA) monomers behave better than A formulations, 
since their drying properties are similar to those of the commercial reference PI sample. 
The  time  required  to  reduce  moisture  is  an  important  characteristic  of  adhesives,  because  an 
adhesive  set  on  facial  prosthesis  requires  evaporation  of  the  solvent  before  being  set  on  the  
patient’s skin.  
In Figure 3 we present the time values corresponding to the loss of 50% and 90% of moisture. As 
the behavior of samples A1, A2, A3 and A4 is practically invariant at 120 minutes (50%), we only 
present A1 and A4 for comparison. We observed that 90% moisture loss was reached in more than  
250 minutes. This may seem a long time, but it must be noted that this is an experimental probe and 
the thickness of our adhesive sample is larger than that used in a real prosthesis clinical test.  
Figure 3. Moisture loss at 50 and 90% for adhesive formulations A, B and commercial 
reference PI. 
 
Samples B1 and B2 needed more time to lose moisture compared to B3 and reference sample PI. 
They achieved 50% moisture loss in approximately 90 minutes, while B3 needed about 70 minutes and 
PI 60 minutes, in our experimental setting. The same behavior was observed for the 90% moisture 
loss: B3 needed 180 minutes, while PI achieved it in 160 minutes p > 0.05. The required time for 
formulations A1–A4, B1 and B2 was longer than 250 minutes. Int. J. Mol. Sci. 2010, 11                       
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3.2. Drying Kinetics in Film  
According to the results obtained in the previous drying kinetics, we decided to do a new test. In 
this test, we experimented with five drops of adhesive, for obtaining a homogeneous film. The test was 
performed for samples B3 and PI, with the specific purpose of establishing the drying time in a real 
clinical situation; that is, people who carry a maxillofacial prosthesis should be thoroughly cleaned of 
substrates brought into contact with the adhesive, (skin-prosthesis); later, the prosthesis should be 
positioned with the adhesive spread evenly by means of a soft bristle brush; after waiting for the 
evaporation of solvent, a second and third layer is applied following the same instructions.  
Figure 4 shows the moisture versus time graph for samples B3 and PI. Samples were prepared on 
glass slides and silicon. We see that the moisture loss of B3 with respect to PI on the glass slide, was a 
few  minutes  longer;  PI  reached  a  total  drying  time  in  just  18  minutes,  while  B3  needed  about  
28 minutes; i.e., there was a difference of almost 10 minutes between the two samples, so we can infer 
that the water in the emulsion B3 showed higher interaction with the glass which led to a prolonged 
time of evaporation of the solvent water. However, this was not the case for the silicon sample, both 
samples showed similar behavior; B3 and PI took 20 minutes for total drying. Here we can infer that 
due to the hydrophobicity of the silicon the substrate dried more rapidly, i.e., the water molecules were 
more exposed to the outside which facilitated their loss.  
Figure 4. Moisture content for adhesive formulations B3 and commercial reference PI. 
 
The drying rate graph is presented in Figure 5, where the rate of solvent loss for samples B3, in 
glass and silicon is very similar, with a tendency to the formation of an S shape curve and a bit slower, 
while the drying rate of PI is very fast, almost linear. 
 Int. J. Mol. Sci. 2010, 11                       
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Figure 5. Drying rate for adhesive formulations B3 and commercial reference PI. 
 
Figure 6 shows the results of the moisture time loss at 50 and 90%; note that for B3, the time 
required  to  evaporate  the  water  from  glass  slide  was  12.5  and  24  minutes  respectively,  while  PI 
required  a  shorter  time,  7.5  and  13  minutes  respectively.  However,  for  silicon  the  results  were 
different; B3 reached only a loss of 50% moisture in 8.5 minutes and 90% in 16 minutes likewise,  
8.5 and 15 minutes respectively for PI. 
Figure  6. Moisture loss at  50 and 90% for adhesive formulations  B3 and commercial 
reference PI. 
 Int. J. Mol. Sci. 2010, 11                       
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The silicon results seem very promising as they show shorter drying times compared with glass, as 
they reflect the real situation of the substrate, where the adhesive should be placed.  
3.3. Rolling Ball Test  
According to obtained results of film drying kinetics, we decided to test the adhesive performance 
(tacky) for adhesive formulation B3, by means of the rolling ball test (see Section 2). 
In clinical practice, the drying time is directly proportional to tacky, i.e., after placing the adhesive 
on the prosthesis, it is important to wait until the solvent has evaporated which is achieved within only 
5 to 10 minutes (see Figure 6) for a moisture loss of 50 and 90% respectively. During the rolling ball 
test at 5 and 10 minutes, the commercial reference PI showed higher adhesiveness than B3 formulation 
and Micro-porus. The formulation B3 showed higher adhesiveness at 5 minutes than at 10 minutes. 
Therefore,  we  propose  that  the  prosthesis  be  placed  with  adhesive  on  the  skin  during  the  first 
5 minutes, when it has higher efficiency (tacky) p < 0.05 (see Table 2). 
Table 2. Tack rolling ball test values of the B3 formulation, PI and Micro-porous samples 
at 5 and 10 minutes. 
Samples  Drying time (min)  n  Mean distance (cm)  SD  SE 
B3  5  10  2.76  0.52747  0.1668 
B3  10  10  18.35714  3.31303  1.25221 
PI  5  10  0.795  0.26714  0.08448 
PI  10  10  0.615  0.09443  0.02986 
Micro-porus  __  10  1.96  0.36576  0.11566 
Due to previously reported results, we decided to characterize the B3 formulation, for their adhesive 
behavior and less drying time. 
3.4. Characterization of Acrylic Latex B3 Copolymer 
The 
1H-NMR spectral scans for the polymer, showed no peaks due to unsaturated protons between 
5 and 6 ppm, which indicates the absence of residual monomer impurities. The 
1H-NMR spectra scan 
of sample B3, Figure 7, showed peaks at: 0.91 ppm, 4 methyl groups, 1.31 ppm for –CH2– methylene 
group in the backbone chain, 1.60, ppm for methine groups present in the acrylic copolymer a doublet 
centered 3.8 ppm due to –CH2– methylene group in the pendant chain. 
Scheme 1 shows the chemical copolymer structure in formulation B3; and its FTIR spectra confirms 
the chemical structure (AA-MMA-2EHA). Figure 8 shows no absorption in the characteristic C=C 
bond region at 1628 cm
-1 which further indicates the absence of monomer impurities. 
A short and weak peak around 3440 cm
-1 confirms a low concentration of hydroxyl groups due to 
acrylic acid. We observe the presence of the compound obtained with CH3 characteristic peaks in 
2957,  1459  and  1382  cm
-1;  characteristic  peaks  of  CH2,  in  2929,  2859  cm
-1  and  CH  peaks  in  
2855 cm
-1; the presence of COO
– group in 1734 cm
-1 confirms the structure of an acrylic ester. 
 Int. J. Mol. Sci. 2010, 11                       
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Figure 7. Representative
 1H-NMR spectral scan for B3 copolymer. 
 
Scheme 1. Chemical structure of B3 copolymer. 
 
Figure 8. Representative FTIR spectrum of B3 copolymer. 
 Int. J. Mol. Sci. 2010, 11                       
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Figure  9  shows  the  DSC  thermogram.  The  glass  transition  temperature  Tg  was  observed  at  
-38.56 ° C between the corresponding homopolymers and decreased with increasing monomer 2EHA 
concentration. However, the values of  Tg connects with the flexibility of the latex film. When  Tg 
increases, the film flexibility decreases. 
Figure 9. DSC (Tg) data of acrylic latex film of B3 copolymer. 
 
From the information obtained in the thermogravimetric TG test, Figure 10 shows that there is a 
first loss of mass of approximately 5 w% at a 242 ° C temperature and a second loss of mass due to 
degradation in the 320–340 ° C temperature range.  
The density found was 1.02 g/cm
3. 
Figure 10. Thermogravimetry data of acrylic latex film of B3 copolymer. 
 
3.5. Particle Size of Latex Samples 
The TEM images of latex particles of samples B3 and PI show well formed spherical particles, see 
Figure 11. These spheres have a particle diameter (Dp) of between 100–180 nm for sample B3 and in 
the range of 250–400 nm  for PI. The particle  size distribution range  of PI was  calculated as the 
difference between the high and low particle diameter values recorded ΔDp = 150 nm, is 1.8 times 
higher than the particle size range observed for latex B3, ΔDp = 80 nm. Int. J. Mol. Sci. 2010, 11                       
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Figure 11. Images of latex particles by TEM for PI and B3 copolymer. 
 
3.6. Rheological Behavior of Latex Samples 
The non-Newtonian behavior of our polymer emulsion, sample B3 and commercial reference PI, is 
apparent in Figure 12, whereby the viscosity, in Pa•s, decreases rapidly as the rate of shear in s
-1, 
increases as expected. Polymeric emulsions become Newtonian in conduct at high shear rates. In other 
words, at high shear rates, the viscosity becomes or remains almost constant. At a constant 22 ° C 
temperature, a log–log, viscosity versus shear rate plot, B3 sample shows an important decrement in 
viscosity when the shear rate 

  varies from 0.1 to 1.0 s
-1, showing a change in the slope at 1.8 s
-1. 
After  that  point  increments  in 

 ,  did  not  modify  the  viscosity  and  an  almost  constant  value  of 
η = 0.07 Pa•s  was  recorded.  Then  at  a  shear  rate  of  around  20  s
-1,  increments  in  the  shear  rate 
originated  very  small  changes  in  viscosity.  When 

   =  100  s
-1,  the  viscosity  value  is  as  low  as 
0.055 Pa•s. 
Figure 12. Viscosity of latex for PI and B3 copolymer. 
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4. Conclusions  
In our work we obtained a PSA; formulation B3 contains (AA-MMA-2EHA) with 50 w% of solids 
with good adhesiveness, tackiness and drying behavior similar to the commercial reference (PI). 
We identified the control variables to modify the behavior of our adhesive: 2EHA concentration 
influences adhesion [24], and changes the drying rate, since the required time to eliminate the water in 
the formulation diminishes when the quantity  of 2EHA increases. Another important factor is the 
amount  of  hydrophilic  monomer  present  in  the  formulation,  so  if  the  level  of  acrylic  acid  in  the 
formulation is high, water elimination is slower, due to formation of hydrogen bonds. 
The present study offers a proposal of acrylic polymers for medical application, as an adhesive to 
adhere to the skin maxillofacial prosthesis. Our research shows that formulation B3, synthesized by 
water-based emulsion presents a good alternative for patients that have suffered severe facial damage 
by reduction of irritation compared with organic solvent-based adhesives. 
One unrestrictedly positive aspect is that solvent-free acrylate adhesives are not only in harmony 
with  the  increasing  concerns  for  the  environment,  but  they  even  make  a  decisive  contribution  to 
reducing the strain on the environment because of their total omission or almost one hundred percent 
re-use of solvents, thereby contributing to foment the green chemistry. 
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